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Flight Objectives
	  
Increase	  the	  reusability	  of	  high	  altitude	  balloon	  gondolas	  after	  landing	  
 
Goals Objectives 
1.0 
Demonstrate a method to 
reduce damage to the gondola 
during landing 
1.1 Launch and land a gondola using damage reduction method 
1.2 
Collect and retrieve load data during 
the operation of the damage reduction 
method 
2.0 
Demonstrate a method to 
increase recoverability of the 
gondola after landing 
2.1 Perform a controlled landing of a gondola to a specified target region 
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NASAFly System
•  Developed	  by	  Airborne	  Systems	  
•  Guided	  Precision	  Aerial	  Delivery	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New Challenges
•  Tex=le	  tolerance	  to	  radia=on	  exposure	  
•  Opera=ng	  systems	  at	  combined	  low	  densi=es	  and	  
temperatures	  
•  Safely,	  reliably,	  and	  cleanly	  separa=ng	  from	  the	  host	  
vehicle	  and	  ini=a=ng	  drogue	  inﬂa=on	  
•  Stability	  during	  a	  transonic	  free-­‐fall	  
•  Use	  of	  GPS	  sensors	  near	  their	  al=tude	  and	  speed	  limits	  
•  Mission	  planning	  for	  balloon	  ﬂights	  with	  highly	  variable	  
trajectories	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ANGEL Payload
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Balloon Flight System (BFS)
•  Monitors	  ﬂight	  and	  landing	  
condi=ons	  
•  Sensors	  include:	  
–  GPS	  
–  3-­‐axis	  Accelerometers	  
–  3-­‐axis	  Gyro	  
–  3-­‐axis	  Magnetometer	  
–  Thermocouples	  
–  Barometers	  
–  Cameras	  
–  Current/voltage	  Monitoring	  
–  Telemetry	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Separation System Design
ANGEL	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Separation System – Section View 
Payload	  
Bearing	  Housing	  
Bearings	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ShaV	  Retracted	  	   Drogue	  Cord	  
Separation System – Section View 
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Flight Profile 
0.04 129,689 -­‐29
0.07 117,956 -­‐39
0.10 110,396 -­‐39
0.15 102,412 -­‐42
0.29 87,326 -­‐51
0.04 78,775 -­‐56
0.73 68,271 -­‐62
1.00 61,528 -­‐68
1.40 54,621 -­‐73
2.10 46,606 -­‐61
2.90 40,569 -­‐48
3.60 35,656 -­‐40
4.30 31,548 -­‐36
5.10 27,975 -­‐27
5.80 24,773 -­‐20
6.50 21,873 -­‐13
7.25 19,214 -­‐7
7.90 16,759 -­‐3
8.70 14,479 2
9.40 12,354 4
10.10 10,359 8
10.80 8,477 11
11.60 6,701 12
11.90 5,851 13
12.30 5,024 14
12.70 4,219 15
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Pre-­‐launch	  
Float	  
Drogue	  Descent	  
Recovery	  
Touchdown	  
Host	  Vehicle	  	  
Con=nues	  Mission	  
Launch	  
Time	  at	  Float	  determined	  by	  	  
Range	  Safety	  Oﬃcer	  (2	  hour	  	  
max	  based	  on	  mission	  proﬁle)	  
Separa=on	  from	  
Host	  Vehicle	  
Drogue	  Parachute	  
Deploys	  
Drogue	  Parachute	  Terminated	  
Paraglider	  Deployed	  
Expected	  Ascent	  Rate	  of	  1000	  V/
min.	  No	  less	  than	  750	  V/min	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Separation and Descent
41.5	  minute	  descent	  from	  108,000	  V.	  
360	  mph	  max	  speed	  during	  drogue	  fall	  
	  
	  
	  
Successfully	  maintained:	  
	  
ü Temperature	  above	  10	  Celsius	  
ü 7-­‐10	  satellite	  GPS	  lock	  
ü Clean	  separa=on	  and	  drogue	  
ü Stable	  Subsonic	  Fall	  
ü Telemetry	  though	  out	  descent	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Deployment Loads
Accelera=on,	  g’s	  
Snatch	   Inﬂa=on	  
Raw	   20.93	   4.99	  
0.025s	  Average	   13.33	   4.87	  
0.05	  Dwell	   9.26	   4.45	  
12	  
Flight Path 
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Separa=on	  from	  
Host	  Vehicle	  
ANGEL	  turns	  towards	  
target	  using	  controllable	  
paraglider	  
ANGEL	  adached	  
to	  Host	  Vehicle	  
Target	  Landing	  
Point	  
Landed	  Short	  of	  
Target	  
x	  
ANGEL	  landed	  3,113	  meters	  from	  the	  Impact	  Point	  (~1.93	  miles)	  
Final Flight Path 
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Impact
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Impact Loads 
2g	  
7g	  
15	  g	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Balloon Flight System (BFS)
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Lessons Learned 
	  
•  Use	  low	  elas=c	  material,	  such	  as	  Kevlar,	  as	  adenua=on	  against	  drogue	  rebound	  
and	  lengthen	  as	  far	  as	  necessary,	  consider	  adding	  a	  cuder	  aVer	  drogue	  apex	  
	  
•  Sew	  s=ﬀener	  material	  into	  the	  drogue	  bridle	  to	  help	  it	  remain	  straight	  during	  
ini=al	  separa=on	  transient	  
•  Minimize	  loose	  linkages	  along	  the	  parachute	  load	  path	  to	  minimize	  
deployment	  shock,	  incorporate	  a	  conﬂuence	  to	  reduce	  coupling	  between	  
payload	  and	  canopy	  yaw	  
•  Pre-­‐program	  numerous	  acceptable	  impact	  points	  to	  protect	  against	  highly	  
variable	  ﬂight	  trajectory	  
•  Make	  deployment	  al=tude	  autonomously	  adjustable	  to	  compensate	  for	  wind	  
and	  trajectory	  driV	  
	  
•  Incorporate	  a	  range	  ﬁnder	  to	  supplement	  al=tude	  informa=on	  for	  oﬀ-­‐nominal	  
landing	  ﬂaring	  opera=on	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Thank you! 
Ques=ons?	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